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Tg PROPOSED METHOD OF FLUORIRATION TOWER OPERATION '

b—i

o INTROIXICTION

k-

The experimental development of the tower reactor for UF!; to UF, has indicated
that the tower i1s capable of efficient cleamup of the UF powder. No great
difference has been found in ths powder cleanup efficiency betwean counter-
current or concurrent flow of powder end gas. In countercurrent operatiom, it
hes been demonstrated that the tower reactor can also act as a fairly efficient
device for cleanup of fluorine.

The problem of utilizing the tower reactor has evolved into the following: How
shall the tower reactor and its auxiliary equipment be opereted in order to re-
actUFhandF wvith a minimum loss of F,, a minimm dust burden, a minimm
amount of UF6 in cold traps, and & mi number of condenser systems?
A previous study of several schemss for employing the tower reactor (XDD-212,
July 28, 1950) has been reviewed in relation to the more recent experimental
data, and a more desirable method of tower cperation has been devised (figure I).
Inspection of the flow sheet reveals the fallowing:

1. 93.5% of the UFg produced is trapped out in the condenser.

2. There is an overall fluorine loss of 2%.

3. The total flow of gas through the cleanup section is less than 5% of
the gas flow in the main reactor gection.
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Mr. R. B. Korsmeyer 2= Octcober 12, 1950

F1OW SHERT BASES

The following assumptions and operating conditions were used in preparing the
flow sheet:

1. Production of UF, - 493 pounds per hour. The total amount of fluorine
in the combined recycle and F. streasms is 25% excess over that theoreti-
cally required for the total %roduction of UFg; i.e., 1.25 x 1. b 1,05 =
1.84#mols/hr.

2. The concentration of fluorine in the recycie and F2 feed stream was set
at 655 of the total flow of gas in the two streams. ,

3. The condsnser pressure was set at 100 psia. and the 0?6 partial pressure
was assumed to be 27 psia,’

4, The total inert gas input into the system from seals, fluorine feed,
powder feed, and the reaction of unconverted W, and Uo F,. in ths powder
feed wvas set at 0.109# mols per hour. All HF i %%he systen is
incorporated in the above figure.

5 The N, buffer required for the screw would not mix with the main stream,
guld seek the nearest exit; l.e., cleanup outlet.

6. The F2 feed would not mix or emter the cleanup section but wculd. energe
in the product outlet strean.

7. A fluorine cleamup efficiency of only 50% 1s assumed.

8. Fluorine is supplied at 98% purity.

DISCUSSION

Figure I indicates the proposed method of operating the tower and its auxiliary
equipment. The flow sheet shows the general location of gas inlet and cutlet
streams. The fluorine cleanup section is operated with a countercurremt flow of
gas and powder while the main production section is operated concurrently.

The principal difference between this proposal and others is that there are two -
fluorine gas inlet streams to the tower. Omne stream contains undiluted fluorine,
vhile the other stream (located above the undiluted fluorine inlet) contains the
condenser outlet gas. The two streams are introduced aseparately to:

1. Achieve a minimm gas flow through the tower cleamup section, thus mini-
mizing the dust burden.

2. Provide a buffer between the purge point and the pure fluorine inlet.

3. Provide a minimm loss of fluorine from the aystem.

k. Insure that a mmﬁtmm. —

ey




Mr. R. B. Korsmeyer October 12, 1950

While no quantitative calculstions have been made, & certain amount of qualita-
tive information can be obtained from the flow sheet 1o determine the effect of
changing the assumed conditious.

Fluorine Excess

If more than 2% fluorine excess is required, the following results:
1. TFluorine loss incresses (relatively small).
2. UFg in cold trap increases (relatively small).

3. Amount of reaction occurring in cleenup section increases {relatively
small).

Condenser Pressure

An increase in condenser pressure permits more tIF6 to be trapped out in the
condenser. Thus less UFs is cold-trapped. The couverse is true.

However, if the condenser pressure is dropped from 100 to 50 psia. (increasing
UF, comcemtration at condenser outlet from 27 to 55%) the amount of UFg trepped
oué in the cold trap is still less then 11% of the total UFg produced. Thus,
we have an operating method which permits us to consider thé use of an Elliott
compressor and still require omly two cold traps on twelve-hour cycles. The
effect of 50 UF. concentration on the reaction has not been determined and
may prohibit the use of an Elliott compressor.

E(—.‘ Clesnup Section

The flow sheet shows less than 50% cleenup of the fluorine in the tower. This
is undoubtedly low. It wes deliberately chosen +o indicate the efficiency of
the proposed opersting procsedure. If more then 50% of the fluorine entering
the cleanup section reacts, the total fluorine loss becomes leas than 2$. At
the same time, the UF, removed in the cold irap increases t0 a maximm of
about $%, all other conditions remaining the same.

Purbulence in Reactor

There will alveys be turbulence and mixing of gas streams in the tower reactor
in the reaction zone. The effect of this mixing is minimized, imnscfar as the
cleanup section is concermed, by the addition of the recycle streem above the
fluorine feed inlet. Omly 15% of the recycle gas entering the tower is with-
drawn at the cleanup gas outlet. The other 85% passes down the tower into
the main reection zone. The large amount of recycle gas peesing down the
tower acts as a buffer between the incoming undiluted fluorine and the clean-
up section.
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Added Equipment

The presence of two fluorine gas feed lines to the tower necessitates two
gas prehesters per tower. This is one more than would normally be re-
quired. The total heating load is the seme, so the net heat transfer aree
is the sames. Additional pipe lines, comtrol valves and instrumentation
will also be required.

Control

The sttached sketch, figure II, shows & proposed scheme for comtrolling the
gas flows. The recycle streems may be set manually. The flow of incoming
fluorine feed may be regulated by the fluorine concentration in ths re-
cycle streams. The purge from the system may be pressure controlled.

Flexibility

Since the flow of gas through the cleanup section is small, it may be
feasible to operate only one cleamup section et & time. Changes in con-
denser operating pressure will have a small effect on cold trap loads. -

RECOMMENDATIORS

It i suggested that a tower be operated in K-1405 in the menner suggested in
thies proposal to test the feasibility of the operation, Additional studies '
are needed for selection of optimm flows, pressures, and controls. :
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